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(54) EPOXY RESIN COMPOSITION 

(57)Abstract: 

PURPOSE: To obtain an epoxy resin composition useful for protecting 
semiconductors, having extremely improved reliability of a transparent 
sealing material, comprising specific inorganic complex oxide particles 
and an epoxy resin, making the refractive indexes of the particles and 
the epoxy resin satisfy a specific value. 

CONSTITUTION: The objective composition comprises (A) inorganic 
complex oxide particles (silica-coated inorganic oxide particles 
prepared by coating the surface of inorganic complex oxide particles 

preferably with silica) having <9 x 10-6 surface hydroxy] group density j j^f^ p j 0 T 0 

and an epoxy resin and the refractive index (NFD) of the inorganic 

complex oxide particles and the refractive index (NPD) of the cured 

material of the epoxy resin satisfy the formula. When the material is 

cured, a cured material having >50% light transmittance at 589nm is 

obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Surface-water-of-aggregate acid radical density contains inorganic compound oxide particles and an 
epoxy resin which are below the 9x10 equivalent / m , And an epoxy resin composition, wherein a refractive 
index (N F D ) of inorganic compound oxide particles and a refractive index (N P p) of a cured body of an epoxy 
resin satisfy a following formula. 

| N F D -N P D |<=0.010 [Claim 2]The epoxy resin composition according to claim 1 whose inorganic compound oxide 

particles are the silica covering inorganic matter compound oxide particles which covered the inorganic 
compound-oxide-particles surface with silica. 

[Claim 3]A transparency cured body which hardens the epoxy resin composition according to claim 1, and is 
characterized by transmissivity of 589-nm light being not less than 50%. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the transparent sealing agent for protecting optical 
semiconductors, such as a light emitting device and a photo detector, from the external world. In detail, it is 
related with the epoxy resin composition which consists of an inorganic multiple oxide and an epoxy resin, and 
its cured body. 
[0002] 

[Description of the Prior Art]Conventionally, it excelled in mechanical properties and electrical insulation, the 
adhesive property of an epoxy resin is high, and since it moreover has the features, like there is little 
contraction at the time of hardening, it has been widely used as an IC package. However, high physical 
properties, such as moisture resistance and heat resistance, came to be searched for with high integration of a 
circuit. Then, in order to aim at improvement in the heat resistance of an epoxy resin, or damp-proof physical 
properties, generally addition of inorganic fillers, such as alumina and silica, has been performed. For example, it 
is indicated by JP,2-2631 3, A, JP,2-14541 5,A, JP,2-14541 6,A, and JP,2-1 58637,A by being filled up with 
spherical silica that a low thermal expansion coefficient and the resin composition for sealing agents of high 
moisture resistance are obtained. 
[0003] 

[Problem(s) to be Solved by the Invention]On the other hand, in recent years, progress of an opto-electronics 
pertinent art is remarkable, and, in addition to the above-mentioned physical properties, transparency was able 
to come to ask closure of the optical semiconductor. However, the cured body of the epoxy resin which 
compositeHzed the above-mentioned inorganic filler is almost opaque, and is not suitable for the sealing agent 
of an optical semiconductor. 

[0004]The epoxy resin composition which does not contain an inorganic filler as a transparent sealing agent is 
proposed variously. However, a coefficient of thermal expansion is high, and since a heat-resistant and damp- 
proof problem is not solved, either, development of the transparent sealing agent containing an inorganic filler is 
desired. 

[0005]The epoxy resin composition using the inorganic filler which has a specific refractive index as what 
responds to this is proposed. Although the composite metal oxide which uses silica as a base was used as such 
a filler, in spite of having added the filler in this case, neither the moisture resistance of a cured body nor glass 
transition temperature was enough, and exfoliation between an element and a sealing agent and the problem of 
the package crack were left behind. Since it turned yellow at the time of hardening, there was a problem that 
light transmittance fell. 
[0006] 

[Means for Solving the Problem]This invention persons by covering the surface of reducing surface-water— of-- 
aggregate acid radical density of an inorganic filler, and also an inorganic filler with silica, as a result of inquiring 
wholeheartedly that an aforementioned problem should be solved about a transparent sealing agent containing 
an inorganic filler, The moisture resistance of a cured body and glass transition temperature improve, and also it 
finds out that yellowing at the time of hardening decreases, and came to complete this invention. 
[0007]Namely, this invention contains inorganic compound oxide particles and an epoxy resin whose surface- 

water-of~aggregate acid radical density is below the 9x10 ~ 6 equivalent / m 2 , And a refractive index (N F D ) of 
inorganic compound oxide particles and a refractive index (N P D ) of a cured body of an epoxy resin are the 
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epoxy resin compositions satisfying a following formula. 

[0008]| An invention of N F D -N P D |<=0.010 others is a transparency cured body which hardens this epoxy resin 

composition and is characterized by transmissivity of 589-nm light being not less than 50%. 

[0009]Inorganic compound oxide particles of this invention will be adopted without limiting especially publicly 

known inorganic compound oxide particles or glass particles, if a refractive index (N F D ) after adjustment of 

surface-water— ©^-aggregate acid radical density fills the above-mentioned formula. In order for a cured body of 
an epoxy resin composition containing inorganic compound oxide particles obtained eventually to hold 
transparency, it is necessary to combine a refractive index of these particles with it of an epoxy resin cured 
body mentioned later, and to dedicate it in a mentioned range. A presentation of inorganic compound oxide ~~ * 
particles will not be restricted especially if the target refractive index is obtained. As an ingredient of suitable 
inorganic compound oxide particles, a multiple oxide which makes silica one ingredient is mentioned especially. 
********** from a group which will consist of the 2nd fellows of the periodic table in whom silica and silica, 
and composite-izing (combination) are possible, the 3rd fellows, and the 4th fellows if a suitable multiple oxide 
is illustrated especially — even if small, it is a multiple oxide which consists of a kind of metallic oxide. If the 
above-mentioned metallic oxide is illustrated concretely, magnesium oxide, a calcium oxide, strontium oxide, 
barium oxide, boron oxide, an aluminum oxide, titanium oxide, zirconium oxide, oxidation hafnium, tin oxide, a 
zinc oxide, etc. are typical. These multiple oxides are combined via silicon and oxygen of silica. Although a rate 
in particular of silica in the above-mentioned multiple oxide is not restricted, when 80-95-mol% of a thing 
attains the purpose of this invention, it is preferred preferably 60-99-mol% especially. 

[0010]As for adjustment of a refractive index of inorganic compound oxide particles of this invention, it is 
common to carry out by changing a kind of metallic oxide compounded with silica and a ratio. In this case, it is 
preferred to use especially an oxide whose refractive index is higher than silica, such as strontium oxide, 
oxidation titanium, zirconium oxide, oxidation hafnium, and tin oxide. A manufacturing method of the above- 
mentioned inorganic compound oxide particles is adopted that a publicly known method does not especially 
have restriction. For example, there are a sol-gel method, the grinding-classifying method, a coprecipitation 
method, etc. If a typical manufacturing method is illustrated especially, after mixing an alkoxide of metal, such 
as alkoxysilane hydrolyzed selectively, titanium, or a zirconium, there is a sol-gel method dropped while 
agitating this mixed solution to an alkaline alcohol solution. In this case, a refractive index of inorganic powder 
obtained can be adjusted by adjusting a quantitative ratio of a starting material. 

[001 1]Inorganic compound oxide particles whose surface-water-6f-aggregate acid radical density is below the 
9x10 equivalent / m adjust quantity of a hydroxyl group of the above-mentioned inorganic compound-oxide- 
particles surface. When surface-water-of^aggregate acid radical density of inorganic compound oxide particles 

exceeds the 9x10 ~ 6 equivalent / m 2 , the moisture resistance of an epoxy resin composition cured body 
produced by carrying out mixing postcure to an epoxy resin is bad, and glass transition temperature does not 
improve. Although surface-water-of^aggregate acid radical density is so preferred that it is low, at present, a 
degree of sintering and crystalline ****** of particles which are described below can be obtained to a thing 

about the 6x10 ~ 6 equivalent / m 2 on balance with cooking temperature of particles which have on the 
transparency of a cured body. 

[001 2]A method publicly known for reducing hydroxyl group density of the surface is employable without 
restriction. For example, there is a method of heat-treating as a typical method. Cooking temperature can be 
arbitrarily chosen, if it is a range which particles do not sinter and inorganic compound oxide particles do not 
crystallize. If temperature is too high, in order for inorganic compound oxide particles to crystallize or to sinter, 
the transparency of an epoxy resin composition cured body falls. If cooking temperature is too low, surface- 

water-of^aggregate acid radical density of inorganic compound oxide particles cannot be loweredrThen; 900- 

1200 ** of cooking temperature is preferred, and its 950-1 100 ** is more preferred. Time which heating takes 
can be arbitrarily chosen, if it is a range which inorganic compound oxide particles do not crystallize. 
[0013]In this invention, although mean particle diameter in particular of inorganic compound oxide particles is 
not limited, light transmittance used as an index of the transparency of an epoxy resin composition cured body 
is so high that mean particle diameter is small. For this reason, 20 micrometers or less of mean particle 
diameter are preferred, and its 0.04-5 micrometers are more preferred. The above-mentioned inorganic particle 
may mix and use two or more sorts of things from which mean particle diameter differs. The transparency of an 
epoxy resin composition hardened as above-mentioned, so that mean particle diameter was small is high, and 
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since temperature dependence will appear in the transparency of a cured body if mean particle diameter 
becomes large, when using in a part accompanied by generation of heat etc., it is preferred to use what has 
small mean particle diameter. 

[00 14] Although shape in particular of inorganic compound oxide particles is not restricted, when it mixes with 
an epoxy resin, in order to obtain a constituent excellent in mobility, its spherical thing is preferred. 
[001 5]A publicly known method is employable as a manufacturing method of silica covering inorganic matter 
compound oxide particles which covered the surface of inorganic compound oxide particles with silica without 
restriction. For example, tetraethyl silicate is dropped at liquid which made an alkaline alcohol solution distribute 
inorganic composite metal oxide particles, and there is a method of depositing hydrolyzate of tetraethyl silicate 

on the surface of inorganic compound oxide particles. Thickness of a silica enveloping layer of silica covering 

inorganic matter compound oxide particles can be arbitrarily chosen, if it is a range to which the transparency 
of a cured body of an epoxy resin composition which consists of these silica covering inorganic matter 
compound oxide particles and an epoxy resin does not fall. As this thickness, 1-30 nm is preferred and 3-15 nrn 
is more preferred, for example. Adjustment of thickness of an enveloping layer is performed by adjusting a ratio 
of quantity of a raw material of silica used for covering, and specific surface area of inorganic compound oxide 
particles. Although it can also ask for measurement of the thickness by calculation from brewing composition 
ratio, it is performed by observation of a transmission electron microscope photograph depending on a 
presentation. After a sample for transmission electron microscope observation carries out embedding of the 
silica covering inorganic matter compound oxide particles of this invention to resin, such as acrylate or epoxy, it 
can be ground and can observe a section of particles, for example. 

[0016]Silica covering inorganic matter compound oxide particles produced by making it above are heated in 
order to remove moisture, an organic matter, etc. which are contained in particles and to prepare surface- 
water-of^aggregate acid radical density to below the 9x10 ~ 6 equivalent / m 2 (temporary quenching). Although 
it is not limited, when sintering of particles, etc. are taken into consideration, as for especially temporary- 
quenching temperature, 900-1200 ** is preferred, and it is more preferred. [ of 950-1100 ** ] Although 
temporary-quenching time in particular is not limited, 30 minutes - 10 hours are preferred. 

[0017]Generally, when mean particle diameter heat-treats a multiple oxide particle of 1 micrometer or less at a 
not less than 1000 ** elevated temperature, it is in a tendency for particles to sinter and for the monodisperse 
nature of particles to fall. Like silica covering inorganic matter compound oxide particles of this invention, if the 
surface of inorganic compound oxide particles is chemically covered with inertness silica, even if it heat-treats 
at a not less than 1 000 ** elevated temperature, a thing excellent in monodisperse nature will be obtained. 
[001 8]A refractive index (N F D ) of silica covering inorganic matter multiple oxide particles of this invention also 

needs to fill an expression of relations with a refractive index (N P D ) of said epoxy resin cured body. If silica is 

covered to inorganic compound oxide particles, according to thickness of a silica enveloping layer, a refractive 
index of silica covering inorganic matter compound oxide particles, will fall. Therefore, as for a refractive index of 
inorganic compound oxide particles, it is more preferred than -a target refractive index beforehand to set up 
more highly. 

[0019]Measurernent of a refractive index can be performed with an immersion method using an Abbe 
refractometer so that a postscript may be carried out. 

[0020]Surface-water—of-aggregate acid radical density used by this invention inorganic compound oxide 

particles which are below the 9x10 ~ 6 equivalent / m 2 . Since the stability of description of particles is improved 
further and dispersibility to an epoxy resin is raised, processing agents, such as an organic silicon compound 
and an organic titanium compound, can perform a surface treatment. After this processing contacts a solvent 

. which dissolved^ processing-agent, and inorganic compound, oxide particles, -it is common to- remove this 

solvent As an organic silicon compound of a processing agent, alkoxy silane compounds, such as gamma- 
glycidoxypropyltrimetoxysilane, gamma-methacryloxpropyl trimethoxy silane, and vinyltriethoxysilane, are 
preferred, and especially a thing that has an epoxy group especially is preferred, applying an ultrasonic wave, 
after distributing solutions, such as water, alcohol, and acetone, when compound oxide particles are condensing 
after the above-mentioned surface treatment — or it is preferred to solve condensation of particles with a 
grinding machine etc. . 

[0021]Inorganic compound oxide particles prepared as mentioned above knead with an epoxy resin, and an 
epoxy resin composition is prepared. 
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[0022]As an epoxy resin used by this invention, a publicly known thing is especially adopted without restriction. 
For example, a bisphenol A type epoxy resin, phenol novolak type epoxy resin, Cycloaliphatic epoxy resin, a 
heterocycle type epoxy resin, glycidyl ester typed epoxy resin, Epoxy resin compositions, such as glycidyl amine 
type epoxy resin and a halogenation epoxy resin, are used as a basic component, and what blended a hardening 
agent, a diluent, a plasticity grant agent, fire retardant, an ultraviolet ray absorbent, paints, etc. with this if 
needed is mentioned. 

[0023]The above-mentioned hardening agent advances a polymerization and bridge construction of an epoxy 
resin, and a publicly known thing is especially used without restriction. For example, acid anhydrides, such as 
tetrahydro phthalic anhydride, phthalic anhydride, pyromellitic dianhydride, and anhydrous methyl NAJIKKU acid, 

are mentioned: Loadings of the above-mentioned hardening agent are adopted that a public domain does not 

especially have restriction. It is preferred to use a hardening agent generally, so that it may become the range 
of 0.5-1.5 Eq by carboxyl group conversion to 1 Eq of epoxy groups of said epoxy resin composition. 
[0024]What also has a publicly known hardening accelerator is especially used without restriction. For example, 
imidazole compounds, such as 2-methylimidazole, 2, 4-JIHIDORAJINO 6-methylamino S-triazine, and 2-ethyl— 
4-methylimidazole, boron fluoride, onium salt, etc. are mentioned. As for these hardening accelerators, a kind or 
two sorts or more are used if needed. Loadings of the above-mentioned hardening accelerator are adopted that 
a public domain does not especially have restriction. Generally, it is preferred to use it 0.1 to 8% of the weight 
to the total quantity of said epoxy resin composition and a hardening agent. 

[0025]moreover — when an epoxy resin is hyperviscosity, workability, defoaming nature, and a filler are 

[ diluent ] damp — etc. — it is added in order to improve, and a publicly known thing is especially used without 

restriction. For example, poly epoxy reactive diluents, such as mono- epoxy reactive diluents, such as olefin 

oxide, octylene oxide, and styrene oxide, butadiene dioxide, dimethylenepentane dioxide, and diethylene-glycol 

diglycidyl ether, etc. are mentioned. Loadings of the above-mentioned diluent are adopted that a public domain 

does not especially have restriction. Generally, it is used at 1 to 50 % of the weight to said epoxy resin 

composition. 

[0026]What also has publicly known fire retardant is especially used without restriction. For example, 
tetrabromobisphenol A, tris (2, 3-dibromopropyl) phosphate, tricresyl phosphate, etc. are mentioned. What is 
necessary is just to add loadings of the above-mentioned fire retardant in the range which does not affect an 
effect of this invention out of a public domain. 

[0027]In this invention, a rate of inorganic compound oxide particles in an epoxy resin composition is 30 to 80 % 
of the weight preferably 20 to 90% of the weight. When a rate of ah inorganic particle is less than 20 % of the 
weight, the moisture resistance of a cured body of an epoxy resin_aomposition, heat resistance, etc. are not 
enough, and when this rate exceeds 90 % of the weight, the mobility of an epoxy resin composition and handling 
nature fall. 

[0028]In this invention, a mixing method in particular of inorganic compound oxide particles and an epoxy resin 
is not limited, but a publicly known method is adopted without restriction. For example, a method of kneading, 
while applying a share under a room temperature or heating using an automatic grinding machine, a kneader, a . 
mortar, attritor, a roller, an extruder, etc. is preferred. 

[0029]Generally before hardening, an epoxy resin composition of this invention is paste state, powder, or a solid 
state in order to use inorganic compound oxide particles and an epoxy resin as the main ingredients. That is, 
generally a resin composition obtained when a liquefied epoxy resin is used at a room temperature is paste 
state, and when an epoxy resin of paste state or a solid state is used at a room temperature, a resin 
composition obtained is powder, granularity, or a solid state. 

[0030]In an epoxy resin composition of this invention, when an oxide particle exists by a state of aggregation in 
an epoxy resin, a fall of the transparency of a cured body obtained may be caused. Therefore, as for floe in a 
constituent, it is preferred to solve condensation as much as possible with "the above-mentioned mixing method 
etc. Since air bubbles which exist in a cured body of an epoxy resin composition also become the cause of 
reducing the transparency of resin, it is preferred to remove air bubbles. 

[0031]An epoxy resin composition of this invention is stiffened by a usual method, and it deals in it. If suitable 
curing conditions are illustrated especially, a method of heating at temperature of 80-150 ** for 2 to 30 hours 
can list under application of pressure or ordinary pressure, and it is ****. 

[0032]Light transmittance with a wavelength of 589 nm of a transparency cured body of this invention is not 
less than 50%. Light transmittance is the value which measured transmissivity of light with a wavelength of 589 
nm about a 1-mm-thick charge of a tabular material, as an example describes. The above-mentioned value says 
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a value which amended a numerical value by this absorption, when a cured body contains wavelength whose 
absorption wavelength of these paints is the above-mentioned 589 nm, including paints. 
[0033]A refractive index of a cured body of inorganic compound oxide particles and an epoxy resin had the 
most transparent case where it has refractive index difference within the limits of specification as indicated to 
Japanese Patent Application No. 2-415291 with an epoxy resin composition using the conventional inorganic 
multiple oxide. As this reason, a low refractive index layer was produced in an interface of inorganic compound 
oxide particles and an epoxy resin, and it was presumed that this low refractive index layer neutralized 
refractive index difference of inorganic compound oxide particles and an epoxy resin. However, with an epoxy 
resin composition of this invention, transparency with a high cured body is shown, so that a value of a 
refractive index of inorganic compound oxide particles and an epoxy resin whose surface-water^of-aggregate 

acid radical density is below the 9x10 ~ 6 equivalent / m 2 is near. As this cause, it guesses as follows. That is, 

reduction or since it disappeared, a low refractive index layer produced in an interface of particles and an epoxy 

resin in an epoxy resin composition of this invention since the surface of particles to be used is inertness 

compared with particles of Japanese Patent Application No. 2-415291 can think, and it is ****. 

[0034]Few cured bodies of this invention have quantity of air bubbles to contain, and so preferred a quantity of 

floe that there are. 

[0035] 

[Effect of the Invention]Although there was a problem of turning yellow at the time of hardening when the glass 
transition temperature with low moisture resistance whose water absorption of the cured body of the 
compound resin (transparent sealing agent) which consists of silica system compound oxide particles to which 
the conventional refractive index was adjusted, and an epoxy resin is high is low, In this invention, the above- 
mentioned'problem was solved by reduction of surface-water-of^aggregate acid radical density, and also 
covering of the silica layer to the surface of particles. 

[0036]It is thought of for a cured body to become difficult to incorporate moisture by reducing surface-water- 
of^aggregate acid radical density that the moisture resistance of the cured body improved. 
[0037]The cause of improvement in glass transition temperature is guessed as follows, although it is not in **. 
Conventionally, when kneading an inorganic particle and an epoxy resin, the hydroxyl group of the surface of an 
inorganic particle reacted to the epoxy resin, the viscosity of the epoxy resin composition rose locally, and the 
hardening reaction of the epoxy resin did not fully advance. However, by reducing the hydroxyl group density of 
the surface, the reaction in an interface decreases and a hardening reaction came to advance to homogeneity 
more. Or very small hole or rugged surface exists in the surface of the compound oxide particles in an epoxy 
resin composition. This unevenness tended to produce an opening in the epoxy resin composition, and that void 
had lowered the glass transition temperature of the epoxy resin composition. However, by covering lowering the 
hydroxyl group density of the surface, and also a particle surface with silica, the surface of the inorganic 
particle became smooth, this void decreased, and glass transition temperature improved. Although the cause by 
which yellowing of the cured body decreased is not clear, either, it thinks as follows. By the conventional 
compound oxide particles, since activity [ surface ], a catalysis of some krnd'is^caused, and it is thought that 
some resin oxidized to hardening reaction time. By having been covered with silica, the compound-oxide- 
particles surface becomes inertness and the surface of compound oxide particles is considered that oxidation 
reaction of resin like [ former ] becomes difficult to occur. 

[0038]As mentioned above, since the transparency cured body of this invention had physical properties 
outstanding compared with the transparent sealing agent containing the conventional inorganic filler, its 
reliability of the transparent sealing agent improved substantially. 
[0039] 

[Example]Hereafter,. although an example explains this invention,cpjncretely l ..this jnventi.on is. not limited to 
these examples. Various measurement was performed by the following method in the example and the 
comparative example. 

[0040](1) Mean particle diameter (mean particle diameter) 

After distributing particles in ammonia nature methanol, particle size distribution was measured with the 
particle-size-distribution plan (made by Otsuka Electronics). 

[0041 ](2) The refractive-index sample of particles was made suspended in the liquid in which refractive indicees 
differ, and the refractive index of liquid in case suspension looks transparent was measured with the Abbe's : 
refractometer. 
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[0042](3) The surface-water-of-aggregate acid radical density inorganic matter compound oxide particles of 
particles were heated at 300 ** for 3 hours, and the water of adsorption was removed. Weight of the particles 
at this time is made into W r Then, when heated at 1000 ** for 1 hour, the elimination reaction of water 

occurred from inorganic compound oxide particles, and the weight of particles became W 2 . The Carl Phi Shah 

water measurement device with a heating furnace (Mitsubishi Kasei industrial company make, CA-02) 

performed measurement of W 1 and W 2 . It asked for the hydroxyl group density per unit area (10 ~ 6 equivalent / 

m 2 ) from W 1 obtained above, W 2 , and the value of specific surface area (Sg). 

[0043](4)~The specific surface area-Sg-(m-/g) of inorganic compound oxide particles required to ask for the 
surface-water-of-aggregate acid radical density of the specific surface area particles of particles was 
determined with the BET specific surface area meter (the Shimadzu make, flow soap 2100). 
[0044](5) Denture packing of the epoxy resin composition before hardening was carried out to the mold which 
adjusted the distance between the glass plates of two light transmittance of a cured body to 4 mm with the 
spacer, it heated at 2 hours and also 155 ** at 100 ** for 3 hours, and the cured body of the tabular epoxy 
resin composition was obtained at 4 mm in thickness inserted into the glass plate. The light transmittance of 
this cured body was measured with the spectrophotometer (the Hitachi make, U-3210), without removing from 
a glass plate. The baseline was amended from the light transmittance of the glass plate of two sheets. 
[0045](6) A cylindrical cured body the glass transition temperature (Tg) of a cured body and coefficient-of- 
linear-expansion 20 mm in length, and 4 mm in diameter was produced, and the coefficient of linear expansion 
was calculated with a thermomechanometry device (the product made from the Rigaku electrical machinery, 
Thermoflex) from the heating rate of 4 ** / min, and the .measurement result in measurement temperature - 
requirement; room temperature -200 **. Glass transition temperature (Tg) was made into the temperature 
which shows the folding point of expansion per unit temperature of a sample. 
[0046](7) Boiling water absorption (water absorption) 

A 30x15x4-mm cured body was used as the specimen, and it saved by boiling underwater for 20 hours. From 

the weight before and behind boiling underwater preservation, it asked with the following formula. 

[0047] 

[Equation 1]A= {(Wb-Wa) /Wa} x100A: Boiling water absorption (%) 

Wa: Weight (g) of the specimen before saving boiling underwater 

Wb: Weight (g) .of the specimen after saving boiling underwater - 

Example 30.6 g of 1 tetraethyl silicate (trade name: the ethyl silicate 28, made in Col Coat) was melted in 120 
ml of methanol. After adding 1.3 ml of chloride (0.036 % of the weight of concentration) in this solution, it held at 
35 ** for 1 hour. The solution which melted 15.0 g of titaniumtetrabutoxide (made by Nippon Soda Co., Ltd.) in 
100 ml of isopropanol at this was added, and the compound alkoxide solution which consists of silicon and 
titanium was prepared. Next, the ammonia nature alcohol solution which comprises 700 ml of methanol, 500 ml 
_of normal butanol,- and a 250-ml .ammonia solution (25 % of the weight ofjj^r^p^^mly^as put into glass 
reactors with a content volume [ with agitating blades ] of 3 I., and the reaction vessel was prepared. It was 
dropped having covered the solution of the complex alkoxide which consists of silicon prepared previously and 
titanium over the reaction vessel for about 4 hours keeping the temperature of a reaction vessel at 35 **. 
Reaction mixture became opalescence in about 30 minutes after the dropping start. The solution which melted 
the tetraethyl silicate 15.2g in 40 ml of methanol was dropped at the reaction vessel in 1 hour after [ after the 
end of dropping, and also ] continuing churning for 30 minutes. After stirring reaction mixture for further 1 hour, 
the solvent of reaction mixture was removed by the evaporator, temporary quenching was carried out at 1000 
** for 1 hour, and silica covering inorganic matter compound oxide particles (J-1) were obtained. 
*[0048]Silica covering inorganic~matter compound oxide particles (J-1) were the 'meah-jDarticre-diameter [ of 
0.08 micrometer], refractive-index 1.539, 7-nm [ of the coating membrane by which brewing twist presumption 

is carried out / in thickness ], and surface-water-of-aggregate acid radical density 8.5x10 equivalent / m . 
[0049]To the bisphenol A type epoxy resin 1g, next, 0.80 g of anhydrous 4-methyl hexahydrophthalic acid, And 
4.2 mg of 2-methyl 4-imidazole and 2.5 g of silica covering inorganic matter compound oxide particles (J-1) 
were added, it mixed for about 40 minutes with the mortar, and the paste state epoxy resin composition which 
contains silica covering inorganic matter compound oxide particles (JrO 56% of the weight was obtained. 
Applying an ultrasonic wave, it maintained at the vacuum for 30 minutes, and this constituent was defoamed. 
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Subsequently, the application-of-pressure polymerization (110 **, 12 hours) was poured in and carried out to 
the predetermined mold made from Teflon, and the cured body was obtained. The refractive index of the cured 
body of what mixed 0.80 g of anhydrous 4-methyl hexahydrophthalic acid and 4.2 mg of 2~methyl 4Hmidazole to 
the bisphenol A type epoxy resin 1g was 1.540. 

[0050]The obtained cured bodies (A) were Tg120 **, a coefficient of thermal expansion of 28 ppm/**, and 
1.18% of water absorption 56 % of the weight of filler content, 55% (450 nm) of light transmittance, and 87% (589 
nm). 

[0051 ]1 30.9 g of example 2 tetramethyl silicate (trade name: the methylsilicate 39, made in Japanese Col Coat) 
was melted in the methanol 55g. After adding 7.7 g of chloride (0.036 % of the weight of concentration) in this 
solution, it stirred for about 10 minutesrThe solution which melted-48.7 g of titaniumtetrabutoxide (made - by 
Nippon Soda Co., Ltd.) in 86 g of isopropanol at this was added, and the complex alkoxide solution which 
consists of silicon and titanium was prepared. Next, the ammonia nature alcohol solution which changes from 
the methanol 300g and 75 g of ammonia solutions (25 % of the weight of concentration) to glass reaction 
vessels with a content volume [ with agitating blades ] of 3 I. was put in, and the reaction vessel was prepared. 
Keeping the temperature of a reaction vessel at 40 **, the liquid which melted 0.2 g of tetraethoxysilanes (the 
Kanto Kagaku make, 99.9% of purity) in the methanol 5g was added, it stirred for 30 minutes, and the nuclear 
particle was made to generate. Subsequently, the liquid which added 150 g of ammonia solutions (25 % of the 
weight of concentration) to 600 g of isopropanol was added to the reaction vessel, and reaction mixture was 
prepared. It was dropped having covered the complex alkoxide solution which consists of silicon prepared 
previously and titanium over the reaction vessel for about 4 hours keeping the temperature of a reaction vessel 
at 40 **. After the end of dropping, and also after continuing churning for 30 minutes, the tetraethyl silicate 
* 20.0g was dropped at the reaction vessel in 30 minutes. After the end of dropping, and also after stirring for 1 
hour, the solvent was removed by the evaporator, temporary quenching was carried out at 1050 ** for 2 hours, 
- and silica covering inorganic matter compound oxide particles (J-2) were obtained. 
[0052]Silica covering inorganic matter compound oxide particles (J-2) had spherical shape, and 3 nm and the 
surface-water—of^aggregate acid radical density of the thickness of the mean particle diameter of 0.2 
micrometer, the refractive index 1.541, and the silica enveloping layer by which brewing twist presumption is 

carried out were the 7.2x10 ~ 6 equivalent / m 2 . 

[0053]Next, the cured body (B) which contains silica covering inorganic matter compound oxide particles (J-2) 
like Example 1 was produced. Cured bodies (B) were 50 % of the weight of filler content, 88% (589 nm) of light 
transmittance, Tg132 **, a coefficient of thermal expansion of 30 ppm/**, and 0.83% of water absorption. 
[0054]167.5 g of example 3 tetramethyl silicate (trade name: the methylsilicate . 39, made in Japanese Col Coat) 
was melted in the methanol 100g. After adding 14.0 g of chloride (0.036 % of the weight of concentration) in this 
liquid, it stirred for about 10 minutes. The solution which melted 88.5 g of titaniumtetrabutoxide (made by 
Nippon Soda Co., Ltd.) in 156 g of isopropanol at this was added, and the solution of the complex alkoxide which 
consists of silicon and titanium was prepared. Next, the ammonia nature alcohol solution which changes from 

- --the methanol 300g and 66 g of ammonia solutions (25 % of the weight of cbnceht"ratibh)*to glass reaction 

vessels with a content volume [ with agitating blades ] of 3 I. was put in, and the reaction vessel was prepared. 
Keeping the temperature of a reaction vessel at 40 **, the liquid which melted 0.2 g of tetraethoxysilanes (the 
Kanto Kagaku make, 99.9% of purity) in the methanol 5g was added, it stirred for 30 minutes, and the nuclear 
particle was made to generate. Subsequently, the liquid which added 159 g of ammonia solutions (25 % of the 
weight of concentration) to 600 g of isopropanol was added to the reaction vessel, and reaction mixture was 
prepared. It was dropped having covered the solution of the complex alkoxide which consists of silicon prepared 
previously and titanium over the reaction vessel for about 6 hours keeping the temperature of a reaction vessel 
at 40 **. After the end of dropping,, and also after continuing churning^fqr .30 minutes, it was dropped having 
covered the tetraethyl silicate 133g over the reaction vessel for 60 minutes. After the end of dropping, and also 
after stirring for 1 hour, the solvent was removed by the evaporator, temporary quenching was carried out at 
1050 ** for 2 hours, and silica covering inorganic matter compound oxide particles (J-3) were obtained. 
-[0055]Silica covering inorganic matter compound oxide particles (J-3) had spherical shape; and 12 nm and the 
surface-water-of-aggregate acid radical density of the thickness of the mean particle diameter of 0.2 
micrometer, the refractive index 1.540, and the silica enveloping layer by which brewing twist presumption is 

'• carried out were the 7.0x10 ~ 6 equivalent / m 2 . 

[0056]The cured bodies (C) containing the silica covering inorganic matter compound oxide particles (J-3) 
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prepared like Example 1 were 50 % of the weight of filler content, 50% (589 nm) of light transmittance, Tg132 **, 
a coefficient of thermal expansion of 30 ppm/**, and 1.03% of water absorption. 

[0057]794.5 g of example 4 tetramethyl silicate (trade name: the methylsilicate 39, made in Japanese Col Coat) 
was melted in the methanol 300g. After adding 42.1 g of chloride (0.036 % of the weight of concentration) in this 
solution, it stirred for about 10 minutes. The solution which melted 265.5 g of titaniumtetrabutoxide (made by 
Nippon Soda Co., Ltd.) in 470 g of isopropanol at this was added, and the solution of the complex alkoxide which 
consists of silicon and titanium was prepared. Next, the ammonia nature alcohol solution which changes from 
the methanol 150g and 30.7 g of ammonia solutions (25 % of the weight of concentration) to glass reaction 
vessels with a content volume [ with agitating blades ] of 3 I. was put in, and the reaction vessel was prepared. 
Keeping the temperature of a reaction vessel at 40 **,-the-liquid which melted 0.2 g of tetraethoxysilanes(the 
Kanto Kagaku make, 99.9% of purity) in the methanol 5g was added, it stirred for 30 minutes, and the nuclear 
particle was made to generate. Subsequently, the liquid which added 81.8 g of ammonia solutions (25 % of the 
weight of concentration) to 300 g of isopropanol was added to the reaction vessel, and reaction mixture was 
prepared. It was dropped having covered the solution of the complex alkoxide which consists of silicon prepared 
previously and titanium over the reaction vessel for about 8 hours keeping the temperature of a reaction vessel 
at 40 **. After the end of dropping, and also after stirring for 1 hour, the solvent was removed by the 
evaporator, temporary quenching was carried out at 1050 ** for 2 hours, and inorganic compound oxide 
particles (J-4) were obtained. The shape of inorganic compound oxide particles (J-4) was spherical, and was 
inorganic powder which does not cover the silica of the mean-particle-diameter [ of 0.4 micrometer ], 
refractive-index 1.541, and surface-water-of^aggregate acid radical density 7.5x10 ° equivalent / m . 
[0058]The cured bodies (D) containing the inorganic compound oxide particles (J-4) prepared like Example 1 
were 60 % of the weight of filler content, 81% (589 hm) of light transmittance, Tg135 **,'a coefficient of thermal 
expansion of 26 ppm/**, and 0.88% of water absorption. 

[0059]Example Particles were compounded by the same method as Example 2 except having changed the 
quantitative ratio with 5 tetramethyl silicate, titaniumtetrabutoxide, and silicontetraethoxide. Temporary 
quenching of this was carried out at 1050 ** for 2 hours, and silica covering inorganic matter compound oxide 
particles (J-5) were obtained. 

[0060]Silica covering inorganic matter compound oxide particles (J-5) had spherical shape, and the thickness of 
the mean particle diameter of 0.2 micrometer, the refractive index 1.543, and the silica enveloping layer by 
which brewing twist presumption is carried out was 3 nm, and the surface-water— of-aggregate acid radical 

density 7.0x10 ~ 6 equivalent / m 2 . 

[0061]The cured bodies (E) containing the inorganic compound oxide particles (J-5) prepared like Example 1 
were 50 % of the weight of filler content, 85% (589 nm) of light transmittance, Tg134 **, a coefficient of thermal 
expansion of 30 ppm/**, and 0.82% of water absorption. 

[0062]Example Particles were compounded by the same method as Example 2 except having changed the 
quantitative ratio with 6 tetramethyl silicate, titaniumtetrabutoxide, and silicontetraethoxide. Temporary 
-qu¥hching of this was carried out at 1050 **~for 2 hours, and silica covering inorga'ni^f^tt^rclompound oxide 
particles (J-6) were obtained. 

[0063]Silica covering inorganic matter compound oxide particles (J-6) had spherical shape, and the thickness of 
the mean particle diameter of 0.2 micrometer, the refractive index 1.549, and the silica enveloping layer by 
which brewing twist presumption is carried out was 3 nm, and the surface~water-of-aggregate acid radical 

density 7.2x10 equivalent / m . 

[0064]The cured bodies (F) containing the inorganic compound oxide particles (J-6) prepared like Example 1 
were 50 % of the weight of filler content, 72% (589 nm) of light transmittance, Tg135 **, a coefficient of thermal 

- expansion of 30 ppm/**, and 0.85% of water absorption. f - .. - 

[0065]61.5g of comparative example 1 tetraethyl silicate (trade name: the , ethyl silicate 28, made in Col Coat) 
was melted in 1 60 ml of methanol. After adding 1.7 ml of chloride (6.036 % of the weight of concentration) in this 
liquid, it held at 35 ** for 1 hour. The solution which melted 15.0 g of titaniumtetrabutoxide (made by Nippon 
Soda Co., Ltd.) in 100 ml of isopropanol at this was added, and the solution of the complex alkoxide which 
consists of silicon and titanium was prepared. Next, the ammonia nature alcohol solution which comprises 700 
ml of methanol, 500 ml of normal butanol, and a 250-ml ammonia solution (25 % of the weight of concentration) 
was put in, and the reaction vessel was prepared. It was dropped having covered the solution of the complex 
alkoxide which consists of silicon prepared previously and titanium over the reaction vessel for about 4 hours 
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keeping the temperature of a reaction vessel at 35 **. Reaction mixture became opalescence in about 30 
minutes after the dropping start. After the end of dropping, and also after stirring for 1 hour, the solvent was 
removed by the evaporator and the inorganic compound oxide particles (H-1) which carry out temporary 
quenching at 850 ** for 1 hour, and do not cover silica were obtained. The shape of the obtained particles was 
spherical and the mean particle diameter of 0.08 micrometer, the refractive .index 1.541, and surface-water—of- 

aggregate acid radical density were the 10.7x10 ° equivalent / m . 

[0066]The cured body (E) was prepared like Example 1 using inorganic compound oxide particles (H-1). Cured 
bodies (E) were Tg100 **, a coefficient of thermal expansion of 28 ppm/**, and 2.15% of water absorption 56 % 
of the weight of filler content, 29% (450 nm) of light transmittance, and 84% (589 nm). 
[0067]132.3 g of comparative example 2 tetrarriethyl silicate (trade" harfieT the methylsilicate 39, made in 
Japanese Col Coat) was melted in the methanol 50g. After adding 7.0 g of chloride (0.036 % of the weight of 
concentration) in this solution, it stirred for about 10 minutes. The solution which melted 44.3 g of 
titaniumtetrabutoxide (made by Nippon Soda Co., Ltd.) in 78 g of isopropanol at this was added, and the 
complex alkoxide solution which consists of silicon and titanium was prepared. Next, the ammonia nature 
alcohol solution which changes from the methanol 300g and 75 g of ammonia solutions (25 % of the weight of 
concentration) to glass reaction vessels with a content volume [ with agitating blades ] of 3 I. was put in, and 
the reaction vessel was prepared. Keeping the temperature of a reaction vessel at 40 **, the liquid which 
melted 0.2 g of tetraethoxysilanes (the Kanto Kagaku make, 99.9% of purity) in the methanol 5g was added, it 
stirred for 30 minutes, and the nuclear particle was made to generate. Subsequently, the liquid which added 150 
g of ammonia solutions (25 % of the weight of concentration) to 600 g of isopropanol was added to the reaction 
vessel, and reaction mixture was prepared. It was dropped having covered the complex alkoxide solution which 
consists of silicon prepared previously and titanium over the^reaction vessel for about 4 hours keeping the 
temperature of a reaction vessel at 40 **. Stirring was continued for 40 minutes after the end of dropping, and 
particles were obtained. Temporary quenching of the obtained particles was carried out at 850 "** for 1 hour, 
and inorganic compound oxide particles (H~2) were obtained. 

[0068]The shape of inorganic compound oxide particles (H-2) was spherical, and the mean particle diameter of 
0.2 micrometer, the refractive index 1.542, and surface-water—of-aggregate acid radical density were the 

10.7x10 " 6 equivalent / m 2 . 

[0069]The cured body (F) which contains inorganic compound oxide particles (H-2) 50% of the weight was 
prepared like Example 1. This was 50 % of the weight of filler content, 86% (589 nm) of light transmittance, 
Tg1 1 2 **, a coefficient of thermal expansion of 30 ppm/**, and 1 .84% of water absorption. 
■[0070]After compounding particles by the same method as comparative example 3 Example 2, temporary 
quenching was carried out at 800 ** for 1 hour, and inorganic compound oxide particles (H-3) were obtained. 
[0071]The above-mentioned inorganic compound-oxide-particles (H-3) shape was spherical, the mean particle 
diameter of 0.2 micrometer, the refractive index 1.539, and surface-water— of^aggregate acid radical density 

/were 11.0x10 ~ 6 /m 2 , and the thickness of the silica enveloping layer by which brewing twist presumption is 
carried out was 3 nm. 

[0072]The cured bodies (G) which contain the inorganic compound oxide particles (H-3) prepared like Example 
1 50% of the weight were 50 % of the weight of filler content, 80% (589 nm) of light transmittance, Tg1 15 **, a 
coefficient of thermal expansion of 30 ppm/**, and 1.77% of water absorption. 

[0073]So that the titania content in the silica titania particles to generate may be 10.6-mol% in the comparative 
example 4 comparative example 2, Except having changed the quantitative ratio of the used tetramethyl silicate 
and titaniumtetrabutoxide, particles were obtained like the comparative example 2, temporary quenching was 
carried out at 850 ** for 1 hour, and inorganic compound oxide particles (H-4) were obtained. 
[0074]The shape of inorganic compound oxide particles (H-4) was spherical, and the mean particle diameter of - 
0.2 micrometer, the refractive index 1.515, and surface-water—of-aggregate acid, radical density were the - 

10.7x10 ~ 6 equivalent / m 2 . 

[0075]The cured body (H) which contains inorganic compound oxide particles (H-4) 50% of the weight was 
prepared like Example 1. This was 50 % of the weight of filler content, 10% (589 nm) of light transmittance, 
Tg112 **, a coefficient of thermal expansion of 30 ppm/**, and 1.84% of water absorption. 
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Wte*.mwmihtiz>. ±tewrai©e£«tt. &*n© 

->«fli^©x S§SK*f LXX)l is KM 

j^L-CO. 5-1. 5SS©®ffl <!: £ 5 (CUftffl^^-r 30 

[ 0 0 2 4 ] X. WfcflE«flt4i»W)fe©*«1*«C«l»«C 
<ffiffl3*lS. m«. 2->**-f 5#*/-*. 2. 

2-x^JU-4-^?-;l/-f 5i'y-'*f©-f 5 

S. C*l£©^{b{SjiS»JB. s&RKjSC-C— XB— 

itii^jni. ±i2Wb<£i«ij©ie-&gB. 

*^lfi£^<!:«^SiJ©^itaK:^UTO. l~8Jfcg 40 
[ 0 0 2 5 ] X. *WW«. X!j<+^«JIt*iStefi[©JS 

mwt. aav&tt. 3fc»#©iift^*ft±^£fc#«: 

' 09&B. sJ-U^.f^+S'F.':*'*?- 

•y-^F. zruytS-VJ F^©*^xii<^->SI&14# 
SERSU. ^ jtyx>y^+f'f K. i^*?-U>'*>*>y 
yj-^y-j K. yif u>yj 3 — ;UJ? y y ->y;Ux— f- 

^©^yx^+i'jSiSttfNRS'i^^if^n*. _hia 

^a>J©13-&S«, &&©iffiB#^c«WI®£c<&ffl;*4-i 50 



qtH^6-6 5 47 5 
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5. HtttCtt. «IIBx^MI«B«»«:»L- ! C 1 ~5 0 
[0 0 2 6 ] M'KV»^Jfc&&©4>©#1#te§(IIK&< 

mmzinz. mm. ? h^^Dttx^x^-w, 

h'jx (2, 3 -i^p^nf jio *X7x- h h 

©12^3: B. &feW>«H©*J&»6^9i©«[l*«:|g»* 

[0 02 7] *^{cfct^T > x^+^HWifi^^4>© 
MMteMf&8rtfc?-©*l£«» 2 0-9 011%, »* 

Kb. 30-80 ii%-c*5 t mmiir(Dm£&, 
2omm%*ma>m&\** x#*MWB«js»©wttt 

©Wffltt. BJfctt*ftH-*mi:*<.. *fc. c©«&** 
9 0it%4M5«^5c[i. x#*M$}JJiiaJiR!&J©SK 

[0 02 8] **ffl!{c*«,>-c. Jte^^Kfk^fi^ix 

#*^j»t©»^*^ii*«:iRjestir. atavfim 
ififflmtt<mmztiz. mm. ssi*a:i*jw»tk, 

w t m l ^^m^ * mi t r s/ * 7 * & w # 6 tu* -r 5 # 

[0 0 2 9] *|6K©xjK*M»I8ttJiBfttt. 
^fc^l-T-Si^x^+^flg^^i-r-S/cJ*. Sfh 
lUcBHWC-s-Xi-tt. XBlfttT*5. 
SPis. ^?S-C?g«©x^+2/^flg^fflLfciS^{CB. 

[0030] *iM)i©x>j**M»flwaj««iK:*ji»-c. m 

B. f#6n^^b#©^HJ14©fiT ; SrK< Ci*i*5. 
^■©fc©. ffl^Sf5*©S«!te-?B. -hiag^ffi3¥K«fc 

v^Bgs^^oMkft^^^^^Mrafe^li©^!^^ 
[0031] *«w©x**s'«jraeisstttt. ji^©^ 

B. JJDET. XB. ^ffTtC8O-l5O-C©SS[-C2-30^ 

[0 0 3 2] *^©3§BJtt^t»B. iSS5 8 9 n m 
©*jga^5 0%W±-C*?>o.5feS®^B> HJS^-C 

iearr&j:Mc. 1 mm©««Mf4(c^i^r^fi5 8 

9nm©^©'S3i^S'j^Lrfcfii"-C**"S 0 i^. JJEtt 

b. wb#3&w»*$*. R^smm<mtm&ifi±.sz 

5 8 9 n m©jgg=&^tflSAB. K©HXK: <fc 

[0 03 3] S£*©j|R«Bl^iMb«l*fflt»fcxjI*«1r^« 
Biffl^-CB. 1#SS¥2-4 1 5 29 1 KIBtSSnrt,^ 



C5) 
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c©HH£l<r. «T©J:5{c«9S?$*i-5. 10 

8PF2-4 1 5 2 9 1 ©It^tCib^r^RStt-C&S/c 
t^£xtf*i4SHt£©J?®K£C3ffi/Slfr^JI# 

[0034] *«jn©wbflEB:. £*rs*i*«?s©«, 

[0 03 5] - ■ 

[ ft9J©»J|t ] «£*©n*r**SBBs" 5 tilt ^ 0 fJ mW.^ 

swMWtF- £ x umm (mmm 

[0 03 6] Wfb#©Batt*4fcLkl/fc©tt. *®*^ 
1f -5 C £ (c J: TfWfc#a**#*Bl D ii 

[0 03 7 ] ^-7^^Sa©loI±©llH«. BJ§ 

#JMPWtcJbJlu x**MSJlJt©i^bKic;*5-h9-K:ji 
5. c £ cc ± o r , m-m-comst-ifi'M* < «c o swbsit>** 

K£Ttf£t£KK«&^*®*^i;#t?«fflt-SC£ 40 

fro fcMB feB^r lift #©J:Mc:%;i6ft£. 
S^fe©ia^{b^^t?tt. «®#«tt&fc&H^#>© 

fcfcoiftens. s^Kfb^-?©affl». 
- - vmrnz ftfc c £ k «fc o T . lg^Mft«Jtft^*®*s^RS 
tttc ft o . WliT© J: 5 fcttlB©lMtEl&We c <3 tc < < 
fto/t£#^.6<T.'5. 

[0038] «±© «fc 5 (C, *»BJ©SBJttWbmi. 50 



1*H¥6 - 6 5 4 7 5 
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[003 9 ] " 

5*5. cne>©JsfeWcE&S3ft&&©-e{3: 
fcc». i*. jatWRDfJtRWK^r. SflTOi. TIE 
©£ffitcj:*HT£c-3fc. 

[0040 ] ( 1 ) ¥*JtfrF« < Wt4«) 

[0041] ( 2 ) tswraw* 

* 5 £ # ©i£©J3#T*£T s» -^©)lJ»Tlt^ J: rfiM L 

fc. 

[004 2 ] ( 3 ) tft?©$3D*E%K«ft 

mm&mumL** 300 -c-c 3 u$ra«n^ u . mm* 
Etc 1 0 0 0 -c-c 1 mrmmrz t . asisa^Kft 
fto/c„ w^cw.wi'jsij. »n^wt*-^7^ix- 

1- -*»S'JS»g (H^b^I*ttS?, C A - 0 2 ) t? 

tf^/c jwiften/cw,, sb*. j±si®« (s 
fir) ©ffl«fco. #tiffi«^«3©*^*ma (io- 6 si 

[0043] ( 4 ) n^immm 

W4^©tt«BSlS tr (m'/gr) 5i. BETib^fflW 
tf- (jftWHfffiftt. 7B-v-^2 100) K«fc»)#«> 
fc. 

[0044] ( 5 ) Bgfb»©5l&3ia* 
2^©Af7X«^©!^ai ; S:^— t?"C4mm«:pi^bfc 
*-AFK. ®{bMx^^Bg^SfJ«r«AU, 10 
0'C-C28$H. H(C1 5 5*CT3B*W1)IB»U. 
(CRSnfcJlS 4 mmr««©x#+i/i}Iii|ajS!g5©S| 
fb#*f#/c. C ©Wt(*©*jaji**^7-X«36>6«- 
tCi%<, ( BSWHf^fH. U - 3 2 1 

0) -CSiJSUfc. ^<-X^-f>». 2ft©#7X«©;fc 

[0 045] (6) Wfbft©Af7X^iaS (Tg) S 

S3 2 0mm, itS4 mmCRtt^fb^^t^L, MK 
ttttffi^EK ( 'J *f * Thermoflex) 
K«fc 0 . #SaIg4 'C/m i n, SCSSSffiH : 

200 -cfosij^ig* ct o , mBvm$k*&ibtc. 
xmrnm. (T?) «, wm>m&m[M>)(D&&<Dm 

[0 04 6 ] (7) mM&im<w.*.m 

3 0X15X4 mm©S^b**^^t £ h , =£#M<4>T? 
2 0B#^^SUfc 0 ^*4>«^M^©SfiJ:*3, TIB 
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[0 04 7 ] 

t»l ] A= { (Wb-Wa) /Wa) x 1 0 0 

a : mm^m (%) 

wa : mM?k*p itm&mo&mftvmm ( e ) 
wb : mmfcipK.Gmwo&mKvms. < g > 

Id6«. i . . .... 

r h 7lfJ^ 'J^r- F (ffip D B « : X^l/i^'J-Jr- F 2 
8. (ft) tg) 3 0. 6g^r^^y-;H2 

0 m 1 K**» L/c„ C OftjgtCttlft (MO. 0 3 6 * 
1 . 3ml ^JjnLfcfft, 3 5 °Ctc 1 ^fflfi^l/ 
fc. CftK*#>ir F^F+^F (B#«SttS) 1 
5. 0g*-fy^V-;H 00m I &C$g#>Lfci§?& 

M^ilifc. awe. Jss58fgtt#©i*3;g8i3 * f 

)V<DiJ^y Z.Mfx.lfc%glCjt & s — )V7 0 0ml, 
^/-*5 0 Om 1 . 5 0m 1 ©T>*-T* 

»**a*i> fximzmmote. mm<om&* 3 5 -c 

Jbn * 2/ F ©i§*R£®£» JCfcj 4 B#|g WtT ST b - 

«m»7«. Mtc 3 0 ftwrnftzmmcm. 

i^^'J-Jr- F 1 5. 2 g£><£^-;l<4 Om ltcig 
RlBWClBSnHrirFt/fc. HfClB#IS 

4 u . 1 0 0 0 -c-e 1 mm mm v -> <j mmmmmswt 
iumsff- ( j - 1 ) 

1 0 0 4 8 ] f >;«««Mittft^ife<t«rtft^ < j - 1 ) 

tt. ¥MSO. 0 8 Mm. ®Sf*l. 5 3 9. ttiiJ: 
0«SSn-5.HSfflJS©«3 7nm. Slffi7kS«ffiS8. 
5X 1 0- 6 ^a/m J -C*ofc„ 
[004 9 ] Wc. bf^7iy-;WSx?K*->iJg 1 
g^*;4-y^JU— ^^-y-fc Fa? iuU^O. 8 0 
g, ^^.2— >^;U-4--f 5 A/4. 2mg, 

^jtimssifms.^mtmL^ ( j - 1 ) 2 . 5 g 
u . sy*?#j 4 0 ftfflu& l. ~> *aa«i«ig^m^fc 

( J - 1 ) 4 5 611%ttf^ FtfrDitf* 

e>3 o^lME^cG^. aftfei/fc. ;x^-c> ^©f-^ 
n>$g*r-;bFtc&AU MES£ (110'C. 1 2 85 

0. 8 0 g. RO'2-^^JU-4-^ 5^'V r -;U4. 2 
mg*®^L/cfe©©1iMt^©ffl«Tm«l. 5 4 0 -C* 
ofc. ' 

[0 0 5 0 3 ffJ&tifcWM* (A) ». 5E»MSW^5 
6Sfi%. jfcMi®*5 5% (4 5 Onm) ^^8 7% 

(5 89 nm) . Tg 1 2 0*C. 2 8 p p m 

/•C. 1 8%Tftofc. 

[005 1 ] SUS0J2 



(6) #gg^FB-6 5475 
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f- F 7j( 5=-^~> F (M^ : ^ *A/is U -Jr- F 3 
9, H^3^3-h (ft) g|) 130. 9g^^y- 

)i>s5 gicfc-frutc. c<Dmsncmm. (isso. 03 6 
*s%> 7. 7 g^asjrau/cfg. aio»affLt. 

ChK?f>f (B^W^ttK) 4 8. 

7g*-fy7'D /->V -;l/8 6 g.CCjgrfP L7t?§?^*^Jjn 

SgGfc,, JW*^«f*#<DrtSW3 y ? F^©*?^ 
xMJSi&tl^y if-/-;i/3 0 0 g. r>^e-r* (iSK 
10 2 5Sfi%) 7 5 gi^6fiSSr>*-Tt4T-'l/=i-^ 
?§$t£A*i. KJfc»fc««Ofc. SIl>«©SK* 4 0 °C 

K. *«K9 9. 9%) 0. 2 g£-*£^-A- 5 gfcjg#> 

-(y7"BAV-;i/6 o o gtcr> j e-T7k (?« 
K2 5ss%) 1 5 o g^ua^tcm^mst^cmimi/x 

^> K««*S(S«(Ctt4«HIB*WT:jBrrUfc. ST&T 
20 -«"-M(C3 0-«-|IMW¥*«Wfca. rh7ifJl->>j7- 
-F2 0. 0.g£, Jgtc4f«:3 0»f?gTUfc. 
Tf^. EKll£IBi»¥Lfc». x^U-dfCSJifiBi 

*u . i o 5 o xrr 2 ^H15®§ b -> y *ISS*«««^U 

( J - 2 ) Sfcfc. 
[0052] '>'J*»a*«S^KYb«^7- ( J -2 ) 

». mtK&mk'c. ¥^»7-so. 2 W jb^i. 

54 1. <±&£*)tim$ti2>is>JtimMm<OBZ<iZ3 n 
m. 7. 2x l 0- 6 ^a/m J T* 

30 [ o o 5 3 ] <x«c> ntfeM i is <j *>®mm 

m&£m.it®i$rt- (j - 2> ^tiw^m (b> 

®{t# (B) ». S««M$5 0tl%. 
J5*8 8% (5 8 9 nm) . Tg 1 3 2.'C> 
3 0 p p m/*C. CR/K$0 . 8 3 /c„ . 

[0054] HifeCN 3 .- •. ' --si,-..".^-*^': - 

y-YU <)ir- F : J ?-)i,is'J >r-[- 3 

9, B*n^3-F (mm 16 7. 5g*y^- 
jh o o g cc^^bfc. c ©$«:&& (iSSO . 0 3 6 
aa%) 14. og^r^nLfcm. i^i o^rasjfb 

40 fc. CiatC?-^>^F^^F+'>F (B*»SttM) 8 
8. Sgi-^V^V-JH 56gtcS*ltei$* 
»ftIU ^-Y*<t^^>J:0J5:^1t^T^3^^F©?if 

mzmmutc. m.. Mftm&tfi*<Dft®m3 <j v fa- 

©Af^^S!iSK«fC^i/y-JP3 0 0 g. T^^e-r* 
(i§S2 5SS%) 6 6gi*6^-ST>*^Tl4T^ 

3-^jg*An. sit«*2Sffio/c. se>ti©ss* 
so ntc. A^x-. ■fvfa'ts-A/Q o o g(CT>*-r 



(7) 
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7k <?&g2 5*a%) i 5 9 ezmztcmzmmmcm 
tiaurfcfom&smutt. J5j£t§©fiS£4 o°cicm% 

3t->K <j>m8.*mszmt.m 6 bspb^w-cstf l / Co ?s 

T**7f&. Mfc3 0#P H l«#*mfcf£. fh7J^ 

fc„ iiST**7f£. Mtc 1 B^g^L/c^. x/-?*u-£ 
-CigSS£l££b . 1 0 5 0 -C-C 2 B#P^{g^ 0 ~> 'J *»8 
*«1S£BMfc!l»tfrf- ( J - 3 ) 

[0055]i"J *«B*tiltR£lMI:ft&?- ( J - 3 ) 10 
tt. ff^K*5^;-c. ¥*ffljtf«0. 2 um, JS*t3U. 

5 4 0. fti&J:0»3ESft*^U*aaDi©j5[gtti 2 
nm. 2tffi*MS2gg». 7. Oxl O-'Wm't 

[0056] m.mm i tra«K ortMHLfcS' y 

*BWMHb»tfc?- ( j - 3 ) fc^tfggftl* (C ) t*. 
7t»tt^W^5 011%, ;£jS®$5 0% (58 9 n 
m) . T g 1 3 2 U &B!S^I&3 Opp ro/'C. OS* 
$1.0 3%T£>-3rc„ 
[005 7 ]»{»|4 20 
7=- h ^ ^JUV y h ((§ n a o£ : ^ y -Jr- h 3 
9. B^aA-a-h (**)«) 794. 5g*X£y- 
;b3 00g {c^*>l/fc. c©i§?8KU&K (?£K0 . 0 3 
6«fi%) 4 2. 1 g£3SflnOrcf£. filO^fflfl 
rc. CtvK?^>f h7^h+->F <B**itttK) 2 

6 5.5 g^-rV7"d^V-;U4 7 0 g tCjgfr L> 7c?£f& 
*8HnU ^3R£^*>^0&£«£T>Uri*->F© 

?g«^iia^u/c. #«c. a#Pffi#^©rt^«3 y? h 

^©Ar'^XMSttJffCC^^^-^ 1 5 0 g. T>^-T 

* (?gK2 5ft%) 3 0. 7 g£#>£>J&-2>T>*-T 30 

®g£4 0-C(CfiSo£c#S6. fh7Xf+-»7> (53 
JWfc^ (**> S5L *fi@[9 9. 9%) 0. 2g*>*^- 

5 g icjgj&> i/ rd£*2jnA . 3 o fm&ft o ti^t-* 

-£j&$t*/c. yci>"C. 0 0 gK7>- 

•fc-TTk (?Sfi2 5fiS%) 8 1. 8g«;tefc!S4S 
J^fc«ainUTKlS*«:illjl/fc. JKlc»©aK£4 0 
•C«:£%£e#s6. fttcffSSbrcWJil.!: 9^ 

* -cig$5£Efc* b . i o 5 o *ct 2 mm&i& Lmm&& 
mtmsL* ( j - 4 ) *»?t. mws&mwm* ( j 

-4)<DJi5««^W-C. ¥^Kt^SO. 4m«1 JB*r* 
1 . 5 4 1. *ffi*^*S&S7 .5X1 0 -•^S/m' 

[0058] Xtkffl 1 <fc|aHi«: OT33i!Ud!88Wg£& 

Ybtttt^- ( j - 4) ££t?sMt<* (d) ». 

$6 0®S%. %MM&8 1% ( 5 8 9 nm) . Tgl 
3 5"C, M&&9m2 6 p pm/-C. 5R*$0. 8 8% 
r* ofc. so 
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[0 05 9] 51 J6#l 5 
Ji^l2 ilaJltO^ffi-ca^^RSLfc,, C*l£ 1 0 5 0 

°cr- 2 b#w<5£ y *»a*g«m£SHb&&?- ( j - 
5) 

[006 0] > y #?m«tffii^t»37- ( J - 5 ) 

«. JBtt*sS5K-C. ¥*«fr?«0. 2 urn. JS#r$l. 
5 4 3. ftiiJ:»)«eeShS£/y*»Wi©J»3B3n 
m, £ffl*mHBl£7. OxlO-'31/m ! r*o 
fc. 

[0 06 1 ] HSfetfiJ 1 <kRMafcOTHHl/fc*rigttf&i* 
( J - 5 ) SfttHRf fc<* ( E ) tt. 3tiS1*$W 
$5 0MS%. 7fcjgil*8 5% (5 8 9nm) . Tg 1 
3 4-C. ^0§S^3 0 p pm/'C. Bfcfc^O. 82% 

[0062] SlJfeWI 6 

f b5jt^>'J^- k FR!L>* 
•>'J3>f h7ih^F £©SJ±£^*rc«^tt. SI 
Sttai 2 i P«©^ffi-ceitT-^RS ore C *l£ 1 0 5 0 

•c-c 2 mrsvm o is y *«^it»«^sMb^*i-?- ( j - 

6) ^fffc, 

[ o o 6 3 ] y □8<tsa^ ( j -6 > 

». ^K^^t?. ¥*^tftT-S0. 2 urn. JB«r*l. 
5 4 9. ttji«tO}tS3nS^y^Sil©ilS«3 n 
m. mm*m&&g.7. 2xiO- i 31/m ! T*- 3 

re 

[0064] SIJSF9 1 iPHSft L"Ci)ll!{LfcS8SI«^K 
ft»tt* (J-6) *4t«ftfr-(F) B. ?ttt«^W 
$5 011%, 7£SjS$7 2% ( 5 8 9 nm) . Tg 1 
3 5'C. ««S(3 0ppm/-C, 5RtK*0. 8 5% 
T-£>orc„ 

[0 0'6 5]lt«Wl 

f F7if^>!)^-F (Sfa^S : x ?Jl-'> y f 2 
8, (^i) tg) 6 1. 5g*Xf'.->.-^?lH8.v 

OmlCC^*>L/rc„ C©«(C^P (?gg[0. 03611 
%) 1 . 7ml £SSfmi,rcf£. 3 5 'ClC 1 B#^}fL 
tc. ZfltcrZZsT'Yv^Y^isY (B^mmm) 1 
5. 0 g£-f y^nAV-JH o Om 1 &cjg#>L/rc?g?g 

^S^iSMbrc. ^fc. ^-^7 0 Om 1 . yfr-? 
;^^y-;l/5 0 0ml, 5 Om 1 ©T^t-T 

* <aftK2 5SS%) <t^6fiS;*T>*r-Tl4T^3- 
Jl««*Ati. JKJ£«*J|lfflbfc. Jgl£tt©2ag£3 5 
•Ctc«^ r«c*s e. . rcfciOSlGrc-^ A M£ 

brc. ?STP§^. *^3 0^fjSlc«. ?iafe«:/5:o 
re ?STi^7fg. fgee iB$fBig}$ufcf*. 

8 5 0'C-ClB#ra. umLisvuzm 

mLt^Mm^sntmL^- (h - 1 > =&f#rc. 
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fctt^FOT&KttSeR-C. ¥-iS)VL+mo. 0 8 Mm. @#f 
. 5 4 1, *BB7KKS?Bfi[W 10. 7X1 

[0 06 6] ttfttttelfctt&tttf- (H - 1 ) &J8k>fOt 
01 1 iPJttKcur. »b# (E) *s«Ki,fc. Kfttt 

(e) «. 3t«^w*5 6fis%. itmmm2 9% 

(4 5 0 nm) M8 4% (5 8 9 nm) . Tg 1 0 0 

•c. mmmim. 2 8 P P m/-c. 8***2 . 1 5 

o/c. 

[0 06 7] it&fJ2 

7" h v J -Jr- h (fg D D n « : A ?;l/-> h 3 

9. B*=J;Ua-h (*f0 ©) 132. 3g^y$y- 
^5 0g fC?g#> l/fc. C©?gj£fc:JS& (igft 0 . 0 3 6 
fiS%) 7. 0f»lfct ftlO^WWc. 
cntC^^>r- h v^h+^K (B##jfttSD 44. 
3g4-fV7'PAV-jV7 8g l/fc^i^ jjsfln 

^mmxM<*-* ity->V3 0 0 g. t>*-t* (iSS 
25H%) 7 5 g £#>e>»SST>^-Tl4T;l'=i--;l' 
ii^Ah. ,5J&*§£2«iL>fc„ 4 0 'C 

51 «K99. 9%) 0. 2 g£.*£./-;U5 g &Q§#> 

yya;V-;l/6 0 OgKT^-T* (i& 

52 5*s%) 1 5 o g zMjitcmzmzmicmmi'X 

SfS^fSML/fc. SJCotfcDtae*4 0-C«:«%!i*i 
S> KSS*St&«(C^4B#PB^Wr?gTb/t„ 

£ 8 5 o °ct i mifomhmm.^mim®.* ( h - 

2) £f#fc„ 

[0068] 4sma^^b«3ffi^ (h - 2 > <D&mm 
#:t. ^a^o. 2/iB, fflSf*i. 542. mm > 



(8) mi¥6-6 54 75 
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*7mMmm*< 10. 7x 1 o- s st/m ! -c*ofc. 
[0069] mmm 1 £ib]««: or. mmM^mitmn 

J- (H-2) £5 0M%Str^b# (F) &mML, 

tc. cn«. ^t«t*^*5oaa%. ?tjgji*8 6% 

(5 8 9 nm) . Tg 1 1 2°C. m&mm%L3 0 ppm 
/•C. 8***1. 8 4%r&-7fc. 
[00 7 0] tbf3#!l3 

nss^i2 tmrno^mr-n^^iSLLtc^ 8 o o-c-c 
i mf®mmLm$m£imitm&* (h - 3 ) *n tc. 
10 [0071] ±ifflte«a^^b^ie- ; ?- ( h - 3 ) muz 
sst£r. ^eso. 2ym. mvrmi. 5 3 9. 

11. Oxio-'/m'T-, {±&<fcf]#£ 

[0072] mmm 1 iisntcc brunts 
fb^&T- (h-3) ^5om&%^tsmim <o «. 

3&Wtt$W*5 011%. Mig*8 0% ( 5 8 9 n 

m) . Tg 1 1 5'c. mmsmm3 0 ppi/c, 

mi. 7 7 %-C 
[007 3 ] it^4 
20 irfc^^I 2 K-JS-^- £J£-T £ f z-Tli&tp® * 

^-7M$*10. 6^;l'%<(C&£<fc5tC. fflufcf- 

8 5 0-c-ci mmmmLmmm^nimtiL* (h -a ) 
[0074] mtim^miV/miL^ <h - 4 > <d^«^ 

«-C. ^^SO. 2 Mm. ®#r*l. 5 15. mm 
imMmmt. 10. 7x l O-Sl/m'rS-jfc. 

[0075] «sw 1 tmmic lx. mmmsmitmn* 
30 (h-4) %5 om&%-£tsm<m (h) s-dissl 
tc. ens, ^*^w*5 0fis%. ^®ja*io% 

(5 8 9nm) . Tg 1 1 2'C. «»3 0pp.m 
/'C. SR**1. 8 4%X^-^tc. 
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